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Alveolates存在两个新的独立的演化分支，分别命名为Novel Clade 1与Novel clade 
2。Novel Clade 1可能是多源演化的原甲藻目Prorocentrales的一个演化分支，而













































This study is the first rRNA survey of eukaryotic ultraplankton(≤5 µm) in the 
western South China Sea (SCS). Samples got from (11~13.5°N, 110~113°E) in 
September, 2007. The thesis includes two parts, part 1 is about eukaryotic ultraplankton 
genetic diversity and part 2 is about distribution of eukaryotic ultraplankton. In order to 
significantly improve recovery of eukaryotic ultraplankton, this paper applied multiple 
PCR primer sets and substantially larger sequencing efforts.  
Eukaryotic ultraplankton of the western SCS belong to Haptophyta, Chlorophyta, 
Alveolates, Stramenopiles, Telonemia and Cryptophyta. Phylogenetic trees constructed 
with nearly complete 18S rDNA sequences illustrate that eukaryotic ultraplankton 
genetic diversity is very wide in western SCS, and uncover many unique eukaryotic 
lineages. Some sequences may represent some peculiar eukaryotic ultraplankton of 
weatern SCS. They are low identity with sequences in Genebank and form independent 
lineages in phylogenetic tree. “Novel Class” of Haptophyta was named by Shi et al., 
2009, howerer, this paper cann’t affirm that “Novel Class” is a new class. Our study 
proves the class is a new class. Alveolates includes two new clades, Novel Clade 1 and 
Novel Clade 2, both clades may be new phylogenetic clades of prorocentrales and 
Gymnodiniales, repectively. Cryptophyta also includes a new clade. This clade may be 
a new genus. Sequence like Telonemia is also found in western SCS. 
In station Y30, biomass of diatoms is several times higher than those of other 
stations. High biomass of diatoms may be supplied by N2 fixation. The conlusion from 
this study and other papers about prasinophytes is that biomass or abundance of cells of 
prasinophytes is lower in low latitudes of open ocean than high latitudes of coastal 
waters. Haptophytes is dominant in surface stations and diatoms is dominant in DCM, 
however, biomass of haptophytes in DCM is higher than that of surface. Biomass of 
no-calcific haptophytes is higher than that of calcific haptophytes, and so relative 















Biomass of cryptophytes is very low, and sequences of cryptophytes are found in DCM 
of station Y90 and Y10. Sequence of Telonemia was only found in surface of station 
Y90. 
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第 1 章 绪论  
 
1.1  超微型真核浮游生物研究进展 
 

















食物链中扮演着重要角色(Johnson and Sieburth, 1979, 1982; Waterbury et al., 1979)，
人们开始意识到“微型生物食物网”的存在(Azam et al., 1983)。微型生物食物网的
发现改变了人类对海洋生态系统的传统认识，使学术界的研究重心从海洋大型生
物转向更小的海洋生物。随后，许多研究证明了海洋微型和微微型浮游生物在生



























限于纯化培养株系，例如原绿球藻Prochlorococcus (Dufresne et al., 2003; Rocap et 













Romari et al., 2004; Díez et al., 2001a; Díez et al., 2001b; Zeidner et al., 2003; Guillou 


























新的遗传支系被建立，例如Pelagophyceae (Andersen et al., 1993)和Bolidophyceae 
(Guillou et al., 1999a) 。然而仍有大量的超微型浮游生物环境序列无法确立明确的
分类地位，如“novel alveolates”(Groisillier et al., 2006)与“novel stramenopiles”(e.g. 
Massana et al., 2004)。 
表1-1列出了迄今为止已报道的71种具有光合作用能力的微型真核浮游生物
(Vaulot et al., 2008)。其中的30多种属于微微型浮游生物(≤2 µm)。Ostreococcus tauri




























表1-1 迄今已报道的微微型真核浮游生物(Vaulot et al., 2008) 
Table 1-1 The described small marine eukaryotic phytoplankton species 















    注：接表1-1 
 
 
   
图1-1 不同年代发现的微微型浮游生物的物种数目(Vaulot et al., 2008) 
Fig. 1-1 Number of described small phytoplankton species (minimum size ≤3 µm) 
















表1-2 海洋微型真核藻类各主要类群中已描述形态的物种数目(Vaulot et al., 2008) 
Table 1-2 Number of described small marine eukaryotic phytoplankton species by 
taxonomic group (Vaulot et al., 2008) 
Species# Species# Division Class 














Haptophyta Prymnesiophyceae 10 10 
Cryptophyta Cryptophyceae 1 1 
 
 
1.1.1 绿藻门 Chlorophyta(青绿藻纲 Prasinophyceae) 
 
   绿藻门 Chlorophyta 包括了绿藻纲 Chlorophyceae、青绿藻纲 Prasinophyceae
和 Trebouxiophyceae 纲等。在超微型真核浮游生物中研究 为详细的是青绿藻纲。
青绿藻纲具有 100～200 个种类，其中绝大多数是海洋单细胞 Nano-级鞭毛藻
(Moestrup et al., 1998)。目前所知的种类光合色素均含叶绿素 a, b 和 c。Cuorties 等
(1994)在地中海应用流式细胞仪(FCM)发现的迄今为止记录的 小的微微型光合
真核生物 Ostreococcus tauri，即属于青绿藻纲。第一个被报道的微微型真核浮游生
物 Micromonas pusilla (Butcher, 1952)也属于青绿藻纲。 
在多样性研究方面，Steinkotter 等(1994)从 18S rDNA 序列和光合色素组成特
征等证实青绿藻纲是一个不同于绿藻纲的独立分支。近年来，多个关于青绿藻的
研究证明这个纲的物种多源演化的(polyphyletic evolution) (Nakayama et al., 1998; 
Fawley et al., 2000; Zingone et al., 2002; Guillou et al., 2004; Viprey et al., 2008; Shi et 
al., 2009)。 
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